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Preface

The Microcomputer Applications Handbook is intended to be the desktop
source guide to the applications universe of personal computing. It addresses the
applications nature of personal computer hardware systems, operating systems,
high-level programming languages, and applications software systems from a
user's rather than a programmer’s perspective. The book was written for PC users
who want to understand the depth and extent of their systems’ abilities and seek to
leamn the range of the applications they can implement. The articles in the handbook
are divided into five basic categories: the nature of computer hardware and
peripherals; the operating systems that act as the resident hosts for applications
programs; the high-level languages that serve as development tools as well as
applications; basic applications programs such as integrated software and word
processing; and special applications programs such as music, artificial intelligence,
computer-aided design, and desktop publishing. There are also two hybrid ar-
ticles—multiuser systems and local area networks—that deal with hardware, oper-
ating systems, and applications software issues at the same time.

The articles in the Microcomputer Applications Handbook also provide a
working history of the development of microcomputer implementations from the
earliest operating systems and word processing applications of the 1970s to the
integrated desktop software packages running under OS/2 and MultiFinder. The
Microcomputer Applications Handbook profiles the growth in the power and com-
plexity of microcomputer software and explains how the needs of business and
professional users created a demand for applications in which increasing amounts
of data management capability were packed into off-the-shelf programs.

With articles that range from the basics of hardware systems to the design and
architecture of neural netwaorking models of knowledge acquisition software, the
Microcompuser Applications Handbook is the most complete and up-to-date hand-
book on personal computer applications currently on the market. This single-
volume reference will help the novice desktop computer user understand the power
and range of his or her system while at the same time guide the more experienced
user in designing the ultimate personal software implementation,

William J. Birnes
Editor
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HARDWARE
SYSTEMS

During the short history of the microcomputer, the “typical” system has pro-
gressed from a small box of electronics, a few switches, and a small LED display
to full-blown engineering workstations capable of feats only imagined in the
research labs of yesteryear. Even since the publication of the first edition of the
Programmer’ s Encyclopedia in 1985, the size, architecture, amount of addressable
memory, data-storage capacity, speed, and processing power of the personal
computer system has changed dramatically. However, the concept of the personal
computer—an individual workstation that can function as a self-contained comput-
ing facility, a data-sharing terminal on local area network, or a telecommunications
device—has not changed fundamentally. It is still a programmable desktop appli-
ance that can interface with a universe of digitalized information banks and
transmission/receiving systems. With the introduction of true 16- and 32-bit
microprocessor technology since 1983, the range of personal computing applica-
tions has broadened to the point where the actual difference between microcompu-
ters and minicomputers has become very small. Accordingly, even though they
were once dedicated to specific tasks such as word processing or localized data
processing, personal computers have increasingly replaced minicomputers, even
for the larger tasks of data acquisition, integrated data processing, process control,
computer aided design and manufacturing, and remote control systems.

The basic business microcomputer of today is a system comprised of a micro-

“processor and all its supporting hardware, both in the form of direct support chips
assisting in the management of memory and other devices, as well as a source of
power. The basic design, as the block diagram in Fig. 1-1 illustrates, encompasses

; one or more input devices such as keyboards and numeric pads, amouse, digitizing
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tablet, or game paddles; video display terminal for output; storage devices such as
floppy disks, a hard disk, or a CD-ROM; a printer; and atelecommunications device
such as a modem. These devices also have broad ranges of functions from simple,
relatively inexpensive dedicated applications to sophisticated, multifunction capa-
‘bilitics. For example, in desktop publishing and electronic page-making applica-
tions, the simple, low-resolution monitor isnot sufficient. Large page-size monitors
are necessary in these instances to give the page designer or graphics artist the
capability of seeing the entire page or two facing pages at the same time without
having to scroll up and down the screen. And for CAD applications, sensitive,
board-sized digitizing tablets are necessary to give the draftsperson enough room
to create a blueprint-sized document on the screen.

As a general rule, a microcomputer provides the resources for working
memory, mass storage, input, andoutput devices. Special-purpose microcomputers
built for industrial process control or other chores will certainly differ in their
structure. While the precise nature of these devices will be discussed in greater detail
below, the most common devices used are RAM and/or ROM memory, disk
storage, a keyboard, and a video display. For business and serious hobby use, a
printer is attached as well.

DATA BUS
apomesgaus )

While precise construction details may vary, microcomputers are usually
built following one of three major designs: single board, single board with slots
(open-architecture), and card cage. Each design has its advantages and disadvan-
tages, and no one style is necessarily superior. Single-board construction, with or
withoutslots, is the most popular and least costly approach. Single-board computers
. have all the major components of the sysiem contained on a single printed circuit
card. Among the major single-board systems are those from Apple, IBM, Commo-
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dore, and Atari. The presence of “slots,” which are actually card-edge connectors,
is a matter of manufacturer philosophy and/or cost factors. “Open-architecture”™
systems generally feature user-accessible slots, for the addition of hardware to the
system. Closed systems rarely provide for any user expansion of the system.
Systems with slots are generally considered more flexible, but alsomore costly. The
other major design is *“‘card-cage” construction, consisting of a “backplane” with
many card-edge connectors, into which the various cards composing the computer
system are plugged. Card-cage construction is virtually universal among mini- and
mainframe computers, but has been relatively unpopular in microcomputers.
Among personal microcomputers, four principal system packaging configu-
rations have emerged: laptop portable, transportable, desktop, and tower. The
enclosures contain varying items, but the basic components are common to all, of
microprocessor, system memory, mass storage, and power supply. Oldest, and most
common, is the desktop system. Towers are simply desktop enclosures mounted
endwise on the floor, although a few systems are specifically designed for this
mounting style. Transportable systems enclose all the major components of a
system, including display and keyboard into a single “portable” unit. Laptop
systems are battery-powered, miniaturized variants of transportable systems.

Processor and System Memorv

Microcomputer systems are centered around the microprocessor type used.
With large computers, users are rarely concerned with the details of the processor,
but thus far, the microcomputer community must be concerned with this knowl-
edge. Microprocessors generally fall into “‘families” from particular manufacturers,
and, while a good degree of compatibility exists within a family, inter-family
compatibility is generally poor. The major concem here is with software; many
packages may exist for a given application for one family of microprocessors, but
may not exist at all for another family. Major families as of this writing are Intel,
Motorola, Zilog, National Semiconductor, Mostek, and NEC.

Microcomputers are generally classified into convenient categories of 8-bit,
16-bit, or 32-bit systems. The designation “x-bit” is derived from the width of the
microprocessor’s data bus width, between the processor and system memory. The
larger the “-bit” designation, the more powerful the microprocessor. Figure 1-2
illustrates the block diagram of a Z80 processor.

SystemMemory. Thisencompasses memory available for program and pro-
gram working storage. Memory is typically split into two types within a microcom-
puter, RAM and ROM. RAM (random access memory) is more properly termed
read/write memory, or memory that can be read by the microprocessor as well as
written to. RAM size for a particular microcomputer is limited either by micropro-
cessor design or the wealth of the purchaser. In early 8-bit microcomputers such as
the Tandy TRS-80 Model I, 16 kilobytes (1024 bytes = 1 K) of RAM was the
standard, with a maximum of 48K. CP/M systems, also based on 8-bit microproces-
sors, allowed a maximum of 64K. The [BM PC, alater 8-bit design, has a maximum
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RAM allocation of 640K. With the advent of 16-bit and 32-bit microprocessors,
maximum RAM in a machine is more likely to be limited by cost factors than by
actual processor limits; the 8086 microprocessor is limited to 1 megabyte (1,024 K)
total memory, the 80386, 4 gigabytes (4,096 megabytes). Other 16- and 32-bit
designs have similar design limits.

RAM is further divided into three distinct electronic types, based on the
precise method by whichabit of information is stored. RAM is volatile; when power
is removed all RAM contents are lost. Dynamic RAM, or DRAM, is overwhelm-
ingly the common RAM type. The DRAM stores a bit as a charge within a capacitor.
Since a capacitor siowly drains any charge held, DRAM:s require “refresh” of all bit
locations within memory at a periodic rate. The term dynamic comes from this
continuous cycling of memory to maintain charge. Although refresh does add
overhead to the operation of the machine, it is offset by simple construction and
relatively low power requirements. Static RAM, or SRAM, does notrequire refresh,
and stores a bit in a bistable latch or “flip-flop” network of transistors. SRAM can
be accessed more quickly than DRAM, since there is never a wait for refresh. The
third type of RAM s bipolar RAM, actually a variant of SRAM. Bipolar devices are
extremely fast, very power-hungry, and quite costly.

Fig. 1-2

MemoryCache. Currentusage for bipolar RAMis in memory cacheing, the
duplication of other RAM memory in a special area in an attempt to0 increase
microprocessot performance. Cacheing in microcomputers is limited to 32-bit
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systems as a way of using lower cost DRAM with a processor which can access
RAM faster than the DRAM can respond. In a cached system, a special cache con-
troller selectively copies from DRAM while the microprocessor is executing an
instruction. ROM (read-only memory}) is nonvolatile, impervious to loss of power,
ROM is used to store nonchanging programs or data for the computer. ROM is first
used by a system during power-up, to perform various system tests and to “boot,”
or initialize the operating system program for the system. In some microcomputers,
the entire operating system is itself resident in ROM. Other systems simply use the
ROM to perform the boot load, then turn ROM off. More typically, ROM contains
the BIOS (basic input-output system), which is the fragment of the operating system
used to control standard peripherals such as the keyboard, video display, and
diskette storage.

ROM s subdivide into four types, based on how programs are entered into the
ROM. The types are: ROM, PROM, EPROM, and EEPROM or EAROM. The
ROM (also referred to as a “mask-programmed ROM") is fabricated with contents
already in place, unalterable forever. The PROM (programmable read-only mem-
ory) is a ROM with no contents; it may be written to exactly once, after which it
cannot be changed. The EPROM (erasable programmable read-only memory) is a
PROM which can be repeatedly crased with ultraviolet light. The EEPROM/
EAROM (electrically erasable programmable read-only memory/electrically alter-
able rcad-only memory) is a PROM which can be erased by the application of
current over time to the device, allowing the EEPROM to be changed while installed
ina machine. A common usc for this device is to store default parameters within an
“intelligent” modem or printer.

Input Devices For Data Entry

Front-panel Switches. The earliest hobbyist microcomputers used series of
switches on the front of the system enclosure for data entry and system control.
Reminiscent of movie computers, these data-entry devices are obsolete, and rarely
scen. Current microcomputers may allow for a system reset switch on the front or
rear of the machine, or a security keyswitci that disables keyboard and disk drive
usage.

Keyboard. The standard data-entry device of microcomputers, keyboards
are standard equipment with all production microcomputer systems. The number
and layout of keys, the method by which the keyboard communicatcs to the micro-
processor, and the type of switches used in the keyboard are the salient points. A
keyboard is a matrix of switches used to enter data into a computer. All microcom-
puter manufacturers currently use some variant of the ASCII (American Standard
Code for Information Interchange) code for storage of information within the
computer, and most keyboards can generate all ASCII codes as well as various
manufacturer-specific extended codes. Microcemputer keyboards are either paral-

_lel or serial devices communicating with the microprocessor in a device-specific
code; older microcomputers use parallel keyboards, which are mounted perma-
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nently in the same housing with the microprocessor itself. Newer designs predomi-
nantly use serial-encoded keyboards, which allow for the keyboard to be detached
from the main microcomputer enclosure. Work efficiency studies continue to
suggest that-detached keyboards, which can be moved abont, provide the greaiest
productivity.

Keyboards use a variety of switch types: the main styles are soft-touch, where
a low-pressure keystroke of short vertical travel produces the character; full-travel,
where a firmer press is needed and the key presses more fully; and membrane, where
a touch to a spot on the keyboard makes the contact, with no travel or “key” at all.
Membrane keyboards are used in harsh environments, such as the factory floor or
as a game system for children.

Keyboards communicate with the microprocessor via cable attachment or
infrared transmitter/receiver. Cable attachment may be intemnal and unchangeable
as in the case of the Commodore C64, Atari ST, or Amiga 500 (all of which inte-
grate the keyboard into the top of the main system housing), or flexible, as is the case
with most PCs, the Apple Macintosh, and others. Cordless infrared systems have
been offered periodically, usually as part of a home/hobbyist system. The need for
battery replacement and clear line-of-sight between computer and keyboard have
kept cordless keyboards out of the business environment.

Layout is the biggest area of keyboard variation. While virtually all keyboards
use the traditional QWERTY layout of typewriter fame, once away from the
alphabet keys layouts differ radically, sometimes even within the offerings of a
manufacturer. However, common keys on almost all microcomputer keyboards are
“Control” for generating control or special codes, cursor (arrow) keys for moving
the cursor about on the screen, and a number pad. Many keyboards also include
alternate shift keys and various function keys, for dedicated (nonchangeable)
actions or user-definable actions. Keyboards intended for the business environment
also generally have a few status display lamps, indicating shift stams and other
control information. v

Fig. 1-3

Mouse. The computer “mouse” is a small box with a roller inside, attached
to the computer via cable or infrared transmitter, that provides an alieinate source
of cursor movement (Fig. 1-3). The mouse has two or three selection buttons
mounted across the top front surface. As the mouse is moved across a flat surface,
potentiometers or other measuring devices translate the movement into cursor
movements for the computer. The mouse is becoming an essential tool for computer
usage, as more and more software comes to rely on the availability of the mouse to
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point to and then, in combination with its buttons, select areas of the screen o
perform actions on. Mouses have resolutions of around 200 points per inch, so that
movement is proportional to, but far less than, actual onscreen measurement.
Two versions of the mouse exist: mechanical, relying onanalog measurement
of distance rolled on a surface; and electronic, using optical measurement of
distances moved across a reflective grid. Mechanical mouses have the advantages
of lower cost and proportional movement, but do pick up dust and dirt. Optical
mouses require an external power source and a special work surface to operate on,

Joysticks and Trackballs. The joystick (Fig. 1-4) is a simple pointing
device, consisting of a stick centered between switches. Moving the stick in a
direction provides substitute cursor movement in the indicated direction. The
trackball is a mouse mounted upside down, with the rolier ball ex posed. Joysticks
are low-resolution devices, suitable for game playing. Trackballs can be of as hi gh
aresolution as mouses, but are most often also used as game-playing devices.

Digitizing Pad. The digitizing phd (Fig. 1-5) is a pointing device made of
a grid surface, or pad, in which is embedded sensory elcctronics for sensing the
presence of a stylus. While all digitizing pads are simply reporting the relative
position of the stylus on the pad, the manner in which this is accomplished varies
between different pads. Some pads use a stylus mounted in a rigid armature, which
has sensors at its pivot points. Moving the armature results in the sensors reporting
movement and position. Other pads use a network of microswitches, and sense the
pressure of the stylus. Another technique isthe use of amouse as the stylus, and still
other pads use infrared sensors to detect an invisible light source from the stylus.
Digitizing pads are widely used to enter drawings into computers, for CAD-CAM

purposes.
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Touch Screen. The touch screen is a sensory frame placed around the edge
of a conventional video display, using electric-eye technology to detect the user’s
finger breaking the beam at a particular point as the user touches the screen. Some
touch screens use a pressure sensitive overlay directly on the monitor face to acquire
the data. The touch screen is best suited for occasional use in an application
requiring only a few choices. Duc to the need to repeatedly reach up and touch the
screen, coupled with the lack of precision in pressing a particular point onscreen, the
touch screen is typically uscd only for special purpose systems of limited facility.
Common applications of the touch screen are in airport or hotel information-referral
systems, and other uses where minimal data entry is required.

Fig. 1-S

Lightpen. Thelightpen isaphotoclectric sensormounte dinatube, typically
a penlike housing (Fig. 1-6). Although called a pen, the lightpen doesn’t write, it
only reads. The lightpen senses a block of light from acomputer display. Significant
software overhead is necessary for lightpen operation, since the software must cre-
ate the light block, await the lightpen signal, then act accordingly. Because of the
software ovcrhead involved, as well as the relative imprecision of the operation,
lightpens have become something of a curiosity rather than a widely used data-entry
device.

Bar-code Reader. While bar codes are most commonly associated with
pricing merchandise in a grocery store, barcode readers are becoming more
prevalent as a microcomputer input device. A bar-code reader is a variation of a
lightpen, but includes a light source as well, and reads the reflecied light as it is
passed over the code.

Graphicsand OCR Scanners. The graphics scanner isadevice allowing the
rapid conversion of pictorial information into digitized form for computer storage
and manipulation. All scanners operate by reading reflccted light from the material
(usually paper) to be scanned. A scanner may hiave only asingle pickup element, or
an array of elements. Scanners come in two styles and four major types. The styles
are basically line-at-a-time, and full page readers. Line-at-a-time scanners subdi-
vide into two types, handheld and printhead mounted. Handheld scanners generally



